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ABSTRACT 

des J^nTtS ^tT^wtutIT k Mormation > Pr °^ v ™ <*» * selected for 
™bryon\ted e^ t0 *™ *> titer in 

terminal dilution techniqS by SS^S ^ ^S^^ ^ ™ d ^ be KlBCt * * e 
ability to grow to hiS titer ^rf a l S- anti-HONl antisera. In addition to acquiring the 

selected by JmunoKc mettSdf „ ?K i £\ be *"» the progeny can be 

virulence or attenuation ^2E Jl £f u ^ other genes > "eluding those coding for 
explored this queS Z |X! f". be .f u xchan « ed during the recombination procedure We 
of their progeS wWch tajSS^EJJf f^"™ ° f H3N2 influenza virus.and with some 

isolate^aiged^ XonTea t£Xt ^ "* A/England wWch WCre 

three-week-old Swi« Z « ff ld " 0t 021186 death when administered intranasaUy to 

vm.sesTecome SZ S Zl? v "^^ination with the A/PR8(H0N1) virus, these 

genetic informa S from toe 2SSS?2 ITS ^ ^ ? be to exchange of 

recombinants is antigenic^ with these 

infection fl S Ue ThT, nt f"? reC ° mbine gCnetiC tofo ™««on during mixed 

HK9 Tn!i ^ ph , e "°~ has bee « studied extensively by Kilbourne (1960, 1967, 

«2L ? k 0, Pr ? gCny VimSeS P ° SSessin g various traits as a re sult of gene 
bTS^r ^ 6 " toCt ff- Characteristi « »<* as virulence which are determined 
by several genes are not likely to be expressed to the same degree in the hybrid 

27! S rf;^ n6W characteri *tics have been detected after recomb- 

me out^L nf ♦ recombinants must ^ characterized in order to ascertain 

tne outcome of this genetic reassortment. 

hemJetil^r* 011 md SeleCt i° n ° f antigenic hybrids > Le > recombinants with the 
SSS2?k P T 211(1 thC neuraminida ^ °f the other parent can be 

accomplished by using specific antisera prepared with isolated viral proteins. Selection 

technSi ie ih? St Tl °l P u r ° 8eny VilUS Ca " be P erfo ^ed by terminal dilution 
techniques, where only the highest growing progeny virus will be present. 

attenuation ^.S? ^ "If* 0 ** f ° r Se,ecting pro S eny virus with a desirable degree of 
SET on ^hlta*^** °? ? f recombinan t viruses are selected as candidate virus Vaccine 

St 2!JSK , ? ^ yi6ldS fa eggs and because have «rface antigens 

SnEi JX^SES r SCS ' S? " ,6ft With 1116 Pr ° blem ^deLmining the degree 5 

£2 r^btaJn, S^l? 0 ".^ ,' S 15 n0t 3 Pr ° b,em When one considers usi «g a hi S h 
proS rSSS f molnv " CU ° n ° f 3,1 i «f lv « tod vaccine : "o^ever, it is a fundamental 
SeUhood is 52?*! P 8 V S 25 3 candidate virus sto ain to make a live vaccine. The 
likelihood is that the progeny viruses will be less virulent than the virulent parent after 
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^\tri h *» occurs durta6 recombb,a,i °"' 

tnJPSESzr. est 1 . in m .r to «■» *«~ ° f *«'— °f 

LTiT' i ™ of Vlrus a « e "iuated for man, but virulent in mice was 

Ste« ^SnSM,^S„'^ f °' man but » ot ^ The «rZ 

A/fK/8/34 Mt Smai (H0N1) virus which grows to high titer in eecs h 

^iZ,^?*" £ man (1) > and *™ recent ly Elated H3N Z£ 
(A/England/42/72, A/Port Chalmers/5/73 and A/Scotland/840/74) and also ™™T 
inant progeny of these HON. and huxit '^""^'wow/ /<f j ana also recomb- 

Schild Ftem* i SI* ♦ ♦ : H3N2 71111868 PreP^d by E.D. Kilbourne or G.C. 
P ogeny F S U ST/' r ? comb ™*>n Procedure and the selection of 
dSSLTS, , r 2 antlgens: howeve '> the recombinant viruses possess un- 
tTlTL ^™ f ° r man - ° r mouse - The recombinants supplied by Drs Kflboume 
vfnt ^a^ 11 S t Ct6d by terminal daution techniques L an effort to pro tfd™ 
ST? v£f gr0Wth / ie i d - In addition *> these recombinants, we tesfed the °M e ' 
Si™ r^l?? ,n a rec ^binant of A/England/42/72 (H3N2) and 
tnT^Jr^T 1 ]: ^ thC ? W3S mani P ulat ed to make it resistant to 
vSe m 6n USed in field trials as a candidate live i" fluenz a 
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Fig. 1. Alteration of influenza A viruses by genetic 
recombination. 
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Table I summarizes infectivity titers expressed as the 50% eee infecting 

t*ll- 1 (E , ID50) J,"' ? 5 ° % m ° USe lethd dose < LD ^0) which was dtLmt °b y 
mocu ating mtranasally three-week-old Swiss mice, obtained from the National 

I * °l 2 > ^ °-° 5 1111 ° f Virus diJuted ten - fold from 101 to 105 wkh 

H3N2 l e i U ^i1 ^ f H ? - 2 ' US ! ng t6n mice P er dilution - None of ^e parent 
H3N2 nruses Idled mice but the A/PR/8/34 Mt Sinai (H0N1) parent virus had an 

{?/! nd'th uLi EID5 ° ° f « th , e H3N2 ?™ nt viruses was betw «n I**' 5 anS 

offtoZ vIh Pa , rCnt W3S - 10 • ? e LD5 ° and the EIE> 50 of the recombinant 
offspnng vaned. Most values were intermediate between the two parents.but there were 

mice (as its H3N2 parent) but X-41 was as 
lethal in mice as its H0N1 parent. There is no relationship between the egg infectivity 
titers and the virulence of the recombinants in mice. An example is the X-45 
recombinant • jM eh lost titer in shipment, and was lethal to mice, although its 
A/Scotland/840/74 parent was not. Recombinants with approximately the same virus 
titers vaned from 10 to 1000-fold in their ability to kill mice. Mice died with 
pulmonary consolidation from days 2 to 9 after receiving the various recombinants, 
similar to mice which were infected with the A/PR/8/34 Mt Sinai parent virus. None 
ot the three recent strains (H3N2) used as parent viruses were lethal for mice. This was 
expected because influenza viruses, types A and B, must be successively passed in mice 
lungs in order to produce extensive pulmonary consolidation and death. Thus in one 
recombination step, H3N2 viruses became lethal for mice, whereas passage of these 
viruses without recombination with a virulent strain takes many mouse passages before 
they become lethal. 

« 



Table L Effect of recombination of A PR/8/34 and influenza A (H3N2) viruses on mouse virulence 

P3rent "fo EIDJ* Recombinant LD 5Q EID 50 


A/PR/8/34 Mt Sinai (H0N1) 3.5 


8.5 








A/England/42/72 (H3N2) <0.5 


7.2 


X-37 


<0.5 


7.2 






"Alice" 


2.0 


6.5 


A/Port Chalmers/1/73 (H3N2) <0.5 


6.5 


X-41 


3.3 


7.5 






MRC-9 


3.0 


7.5 






MRC-11 


2.2 


7.5 


A/ Scotland/840/74 (H3N2) <0.5 


7.2 


X-45 


2.5 


6.8 



*Dose of virus (log 10 ) lethal to 50Z of 3-week-old mice (NIH Swiss Mice) given 0.05 ml. intranasal^. 
**Dose of virus (log 10 ) which infects 50* of 10-day-old embryonated hens' eggs. 

Another facet of these studies resulted from an attempt to compare the 
immunogenicity and protection induced by the live 'Alice' vaccine to that induced by 
a licensed inactivated vaccine. Groups of mice were immunized with 'Alice' vaccine or 
the inactivated vaccine. At that time, we were aware that the 'Alice' strain had been 
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Sis - ~ " - =t*te-=r^i 

Sflut^S Tkl ^ """"""atio!, "ep could also result in progeny 

p"no7vuln, Sir 1 '" ^ * 8 H3N2 " are "' b — *° K"l 

mice JlLiSa'S 

consolidared lungs of «he VU& ta£ te 7m£ Sm° 
heraagglutoation-inhibition tea, with anUsera specinc for j( „ 3 N2 »d HON Zents 

TOW paS aid no?! 2 ^ *- but 

num parent did not. Serum obtained from mice which survived 'Alice' vaccination 

SSnLSf J5~ ° f . anti - H3N2 I»t did no, have antibodies £E tne 

SS .Sia™ Pr ^ ,eC ' ed a8atast ^^se a mouse-adapred 
strain ^ot A/England/42/72. Thus, the recombinant virus which infected these mice 

Sand»3 N r idati0n ^ 

7to«e //. Characteristics of virulent virus in 'Alice' infected mice 

Antl " ena * Serum-Inhibitor** 



Antibody Induced*** 



H3N2 Resistant R3K2 



**aSS). m L£? Jd/J!^" 8 " lth UndllUted heated 8ulnea P 1 * 8e »' «« "able 

buffered sal£? ' Parent W39 8en8ltl * e < 32 * <2> c°»P«ed to antigen incubated with 

***U3lng H3N2 antigen, HI titer was 512; HI titer was <8 with H0N1 antigen. 

The other characteristic of the virus isolated from the lungs of the 'Alice' 
infected mice which we studied was its sensitivity to inhibitors present in guinea pig 

A^.n^SnT' u b6en Fepared by passage of ^ A/PR/8/34 Mt Sinai and 
A/tngland/42/72 recombmant in serum containing inhibitors because it had been 
reported that inhibitor resistant virus may be less virulent for man. The virus isolated 
trom Ahce infected mice was resistant to the serum inhibitors present in guinea pig 
serum. The hemagglutinin titer of 'Alice's' A/England/42/72 parent fell from 132 to 
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<1:2, but the virus in the lungs of 'Alice' infected mice had a stable titer in the 
presence of guinea pig serum. 

These experiments demonstrate that genetic recombination between influenza A 
viruses results in recombinant progeny with unpredictable degrees of virulence in an 
animal model system. Beare and Hall (1971) and McCahon and Schild (1972) have 
published similar results using recombinants of A/PR/8/34 and A/England/939/69 
1 hey determined that progeny virus developing from the recombination of these 
parents was very variable in virulence for man, and that the recombinant viruses were 
quite variable m their ability to induce pulmonary consolidation in mice. Moreover, 
their studies indicated that there was no association between virulence or attenuation 
in mice and in man. 

These results indicate that there are many possible degrees of virulence in 
progeny virus resulting from recombining avirulent and virulent parental influenza A 
viruses There is no available laboratory marker to predict the degree of virulence of 
recombinant viruses which may be selected for candidates for live virus vaccines It is 
clear that recombination between influenza A viruses can dramatically alter the 
virulence of H3N2 strains for mice and man; therefore, recombinant virus must be 
characterized before subsequent attempts at attenuation can be evaluated. 
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General discussion 
Chairman (G.C. Schild, U.K.) : Are there any questions for Dr Ennis ? 

W.J. Bogaerts (The Netherlands) : I am a layman in influenza virology, but two 

ill I t | — . 

you put so much emphasis on the mouse virulence ? I 
think that the pathogenesis of the infection in man and mouse is different. 

Secondly, pathogenesis is in general a factor that is caused by multiple genetic 
tactors, so it is not an easy, stable genetic trait to study. 

The next question is, why are you - and not you alone - always using the 
limiting dilution technique for the isolation of clones ? I thought that we now had 
better methods of plaque production, and you may be able to work much more easily 
with a plaque method that gives better isolation and better results on the properties of 
the variants. 
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point of\ZtuilZ 22 St^r f C3t ^ "* diffiCUlt t0 StUd ^ The 
of attempting to attenuate it £ ST "* bemg d ° ne t0 a virus in the P»cess 

mice and men X ^X or SS? l""" 0 ^"* ° f fe» recombinants in 

mechanism! of amnu'tfon i? £3 Tos h,° ""J*"/" 1 *• — regarding 

supply uT^ftl' J 2 * refe K- ,he ' aS ' q " eS ' i0n 10 Dr SchM wh ° w» kind enough to 
Sic S m ° re ' 50 meth0d is reaU >' not applicable to detailed 



~*if£ f""" : ms . * es P e crally so, I think, with recently isolated virus which vo„ 

'Z2£2££ %?\ rcht r!r on { °t use as a 

■rac viruses generally do not plaque but have to be passed. 

correoul^rr 'T' G f^ nyi : ' am not 1 uite »» I understood you 

SLrttaM wift L^X,*' ' eSUl,S ° f ' AUce ' VirUS P ath0 « e " ic f °' «*•. was 
ZSZXZSt&SS 01 W3S " ° bUtoed *• *■»• *« -comb- 

£A £>zws : This was obtained with 'Alice* vaccine anH *aiw „ ■ 
prepared from A/England virus which had been Tecombtoei wi* APR g^dTh " 
passed „ ,he presence of inhibitors. So i, was the ZfltZi 

Chairman : If I may ma ke a comment on the question of the relationship nf 

be~e h a U rZ M *** that WaS 3 rather naive hope thai SuM 
be some clear-cut relationship. However, as many people suspected at that time the 

SSto isTmehf - d ' ofcou -. virulence is'a multi-gene phenomenon B u u 
characterise! X.H ? 6 2 WC T y be aWe t0 devel °P techniques for recognizing 
ZZ InS tu T T ? Ce by biochemic *l analyses. It has now been dearly 

£ mat* ^ orot-n WaS H deSCn , bed in Madn ? r6Cently at the Con 8 ress of Virology - S£ 
diff^n^ r? a / ,d nucle °P rotein of Afferent influenza A viruses have a slightly 

^Tdo^Tf hT^"' theSC tW ° internal c omponents of theCs 
determine ^ I * re P llcat,on - h ™V *«efore be possible in the future to 

VkZTL denied * ^ com P onents of « recombinant influenza A 

virus were derived from one parent or the other, and this may be a ereat heln in 

3S?SSl 1U<e,ih00d ° f Vim,enCe ^cteristics being inEted LTone^Z 



